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@ Independently switched voice and data calls using a simultaneous voice and data modem. 

@ A central office (550) of a public switched 
telephone network (500) has a modem pool 
(560) that includes both simultaneous voice and 
data (SVD) capable modems (565) and stan- 
dard, e.g.. CCITT V.32 compatible, modems 
(570). A user (User 1) with an SVD nrKxJem (400), 
i.e., an SVD user, establishes an SVD link (over 
101) with the SVD modem (565) of tfie central 
office(550). These SVD nrKxJems exchange SVD 
signals that indude voice and data. The SVD 
nK>dem (565) of the central office separates ttie 
voice and data portions of the SVD signal for 
separate transmissk>n to different parties (User 
3, User 4). The vorce portk>n of the SVD signal 
receives standard voice-call handling from ttie 
central office for transmissk>n (over 591) to ttie 
party (User 3) that is a part of the voice call. The 
data portion of the SVD signal is routed through 
the standard nrK>dem (570) of the central ofTice 
for transmission to the party (User 4) that is a 
part of the data call. As a result, neither of these 
rBnrK>te parties is required to have an SVD cap- 
able modem - yet ttie SVD user (User 1) has botti 
a vok» connection and a data connection over 
a single "tip/ring" type telephone line (101). 
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Background of the Invention 

The present invention relates to data communica- 
tions equipment and, more particularly, to the simul- 
taneous transmission of voice and data over a local 
loop using a simultaneous voice and data nrxxJem. 

TTie co-pending, commonly assigned, U.S. Pa- 
tent application of Gordon Bremer and Kenneth D. Ko 
entitled "Simultaneous Analog and Digital Communi- 
cation,' serial No. 08/076505, filed on June 14. 1993, 
describes a simultaneous voice and data communica- 
tions system in which a voice signal is added to a data 
signal for transmission over a communications chan- 
nel to a receiving nxxJem. 

In this simultaneous analog and digital communi- 
cation system, the data signal to be transmitted is rep- 
resented by a sequence of data symbols, where each 
data symbol is associated with a particular N-dlmen-- 
slonal signal point value taken from a signal space. 
Similarly, the analog signal, which is represented by 
a voice signal, is processed so that it Is mapped into 
the N-dimensional signal space to provkle a voice sig- 
nal point This voice signal point defines the magni- 
tude and angle of a voice signal vector about the ori- 
gin of the signal space. The data symt>ol and the voice 
signal vector are then added together to select a re- 
sultant N-dimensional signal point, which is then 
transmitted to a far-end modem. 

Upon receptk)n of the transmitted N-dimensional 
signal point the receiver of the far-end nrnxJem de- 
tects the embedded data symt>ol and subtracts the 
data symbol from the received N-dimensional signal 
point to yield the voice signal vector. This voice signal 
vector is then used to recreate the voice signal. 

As a result this technique advantageously pro- 
vkies a voice-band signal that has both an audio por- 
tk)n and a data portion. This allows two users with si- 
multaneous vobe and data capable modems to com- 
municate data t>etween them and talk at the same 
time - yet only requires one "tip/ring" type telephone 
line at each user's location. 

Summary of the Invention 

The above-described technk^ue for simultane- 
ously transmitting both voice and data requires each 
user, or endpoint to have a simultaneous voice and 
data (SVD) capable modem. However, I have realized 
that there are situattons when an SVD user desires to 
have a voice conversation and a data connection at 
the same time - but with different parties. Therefore. 
I have discovered a method and apparatus that al- 
lows a central office of a public switched telephone 
network to provide a 'local loop (LL)-SVD" service in 
which voice and data calls with a user co-exist over a 
voice-band tip/ring' type telephone line, and the 
voice and data portk)ns of these calls are routed to 
separate parties. This allows the user to establish a 



voice conversatnn with one party and a data connec- 
tion with a different party over the user's same tip- 
/ring' type telephone line. 

In one embodiment of the inventton. a central of- 

5 ilce includes a nKxJem pool that includes both SVD- 
capable modems and standard, e.g., CCITT (Consul- 
tative Committee Internatkinal Telephone and Tele- 
graph) V.32 compatible, modems. A user with an SVD 
nxKiem, i.e., an SVD user, establishes an SVD link 

10 with the SVD modem of the central office. This SVD 
nxxlem of the central office then separates the voice 
and data porttons of the vorce-band signal received 
from the local loop for separate transmission by the 
central off rce to different parties. The voice portion of 

15 the SVD signal receives standard voice-call handling 
from the central office for transmission to the party 
that is a part of the vok:e call. The data portton of the 
SVD signal is routed through the standard modem of 
the central office for transmission to the party that is 

20 a part of the data call. As a result neither party is re- 
quired to have an SVD-capable modem - yet the SVD 
user has both a voice connection and a data connec- 
tion over a single 'tip/ring' type telephone line. 
Since the central office associated with the SVD 

25 user includes an SVD-capable modem, the SVD con- 
nection over the local loop is always terminated be- 
tween two modems. In additk)n, this local loop con- 
nection between the SVD user and the central office 
does not change, i.e.. it is always the same pair of 

30 wires. Therefore, the amount of time to perform a 
"train" in setting up a data or SVD connection can be 
signifteantly reduced by performing a fast train" dur- 
ing the establishnrtent of any data or SVD connectton. 
This "fast train" is performed by storing and re-using 

35 the coefficients for equalization and echo canceling 
in each nrKxlem instead of adaptively regenerating 
them anew every time an data or SVD connectnn is 
established. Ideally, the coefficients for equalization 
and echo canceling do not have to be recalculated be- 

40 cause the data connectk>n over the local loop always 
uses the same physical pair of wires. Consequently, 
there is only the need to perform timing synchroniza- 
tion which reduces the training tinr^ to the order of 
milli-seconds (msec.) as compared to seconds for a 

45 standard modem training process. 

Brief Description of the Drawing 

FIG. 1 shows a block diagram of an end-to-end si- 
50 multaneous voice and data communications sys- 
tem between simultaneous voice and data user 
endpoints; 

FIG.2 is a table showing illustrative SVD kientif i- 
cation signal assignments; 
55 FIG. 3 shows a block diagram of a communica- 
tions system embodying the principles of the in- 
vention; 

FIG. 4 is an illustrative flow diagram embodying 
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the principles of the invention; 
FIG. 5 is an illustrative SVD symbol block illus- 
trating the use of a secondary channel; 
FIG. 6 is an illustrative flow diagram embodying 
the principles of the invention for adding a voice 
call to an existing data call; and 
FIG. 7 is an illustrative flow diagram embodying 
the principles of the invention for adding a data 
call to an existing voice call. 

Detailed Description 

A block diagram of a simultaneous voice and data 
communicattons system between simultaneous voice 
and data user endpoints is shown in FIG. 1 . This block 
diagram represents what is referred to herein as an 
"end-to-end" SVD link because voice and data calls 
are t>etween the same calling and called parties 
through their respective SVD nrKxlems. In the descrip- 
tion that follows it is assumed that a communicatk)ns 
path has already been established between user 1 
and user 2 of FIG. 1. The conrvnunicatk>ns equipment 
of user 1 includes data terminal equipnr^nt (DTE) 1 0, 
telephone 20. which represents voice terminal equip- 
ment, and SVD modem 100. The latter receives two 
types of signals for transmission to SVD modem 300 
- a data signal from DTE 10 and a voice signal from 
telephone 20. SVD modem 100 encodes both the 
data signal and the voice signal to provide a combined 
voice and data signal for transmission, via local loop 
101, public switched telephone network (PSTN) 200, 
and local loop 301 , to SVD nrK)dem 300. The basic op- 
eration of an SVD modem, other than the inventive 
concept. Is described in the above-mentioned Brenner 
et al. patent application entitled "Sinruiltaneous Ana- 
log and Digital Communicatk>n." serial No. 
08/076505, filed on June 14. 1993. SVD nrK>dem 300 
receives the combined voice and data signal trans- 
mitted by SVD nrK)dem 100 and provides the data sig- 
nal to DTE 30, and the voice signal to telephone 40. 
Transmissk)n of data and voice signals in the opposite 
directk)n, i.e., from SVD nrK)dem 300 to SVD nrKxjem 
1 00, occur in a like fashion. 

In the above description, it was assumed that an 
SVD connection already existed between the en- 
dpoints represented by SVD modem 100 and SVD 
modem 300. However, during the establishment of 
this SVD connection it Is advantageous for the calling 
SVD modem to initially signal the far-end, or called, 
SVD modem, that the calling modem is also an SVD 
nnodem. This initial signaling is accomplished by the 
use of an SVD identification signal that is transmitted 
by the calling SVD modem after dialing the telephone 
number of the called SVD nrKxJem. This type of noti- 
f icatton allows the answering SVD modem to imme- 
diately switch to an SVD mode as opposed to initially 
defaulting to a standard data nrradulation like CCITT 
V.32 and then switching to an SVD mode. An lllustra- 
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five set of distinctive identif icatk)n signals for use by 
an SVD nrKxtem is shown in FIG. 2. These hand- 
shaking signals include a calling signal, SVD CNG, 
which include calling tones "a" and "b," and an answer 

5 klentificatbn signal. SVD AID. which includes an- 
swering tones "a" and "b." The called SVD modem 
provides the answer identification signal as an ac- 
knowledgment to the calling SVD modem that the call 
has been answered by an SVD compatible modem. 

10 As described above, an SVD signal provides a 
voice-t>and signal that allows two SVD users to com- 
municate data between them and talk at the same 
time - yet only requires one "tip/ring" type telephone 
line, e.g., lines 101 and 301 of FIG. 1, at each user's 

IS location. However, this results in the voice call and 
the data call being "linked" together whenever a user 
with an SVD-capable nnodem desires to establish a si- 
multaneous voice and data connection. In ptiier 
words, the voice call can only be made between the 

20 terminal endpoints of an existing data connection, or 
the data call can only be made between the terminal 
endpoints of the existing voice connectk)n. Yet, there 
are situations when an SVD user desires to have a 
voice conversation and a data connectton at the same 

25 tinr» - but with different parties. Therefore, I have dis- 
covered a method and apparatus that allows a central 
off tee of a publk: switched telephone network to re- 
ceive a voice-band signal that includes an audio por- 
tion and a data portion, and to separately transmit the 

30 voice portion and the data portbn to different parties. 
As a result, an SVD user can establish a voice con- 
versation with one party and a data connection with 
a different party - over the same "tipVring" type tele- 
phone line. 

35 A block diagram of a communicat k>ns system env 
bodying the principles of this invention is shown in 
FIG. 3. The communications equipment of user 1 in- 
cludes data terminal equipment (DTE) 1 0, telephone 
20. which represents voice terminal equipnnent, and 

40 SVD modem 400. The latter receives two types of sig- 
nals for transmission to PSTN 500 - a data signal from 
DTE 10 and a vok:e signal from telephone 20. SVD 
nfKxJem 400 encodes both the data signal and the 
voice signal to provide a combined voice and data sig- 

45 nal - an SVD signal - for transmission, via local loop 
1 01 , to PSTN 500. Local loop 1 01 is a typical "tip/ring" 
facility, i.e., a wire-pair, upon which a voice-band sig- 
nal is transmitted between the terminal equipment of 
user 1 , i.e., SVD modem 400, and PSTN 500. The lat- 

50 ter is represented for simplicity by three central offic- 
es (COS): CO 550. CO 590. and CO 595. It should be 
understood that PSTN 500 can include less, or more, 
central office-type switching equipnnent depending 
on the actual geographical locations of the calling and 

55 called parties. Except for the inventive concept de- 
scribed below, PSTN 500 functions as in the prior art 
in the routing and establishment of voice or data tel- 
ephone calls. 
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In accordance with the inventive concept, CO 550 
provides a 'local loop (LL>-SVD" service in which con- 
current voice and data calls are established over 
voice-t>and local loop 101 to user 1, and the voice and 
data portions of these concurrent calls are routed to 
separate telephone numt>ers, e.g., different parties 
as represented by users 3 and 4. CO 550 includes 
switching processor 555 and modem pod 560. 
Switching processor 555 not only provides well- 
known call handling functions as in the prior art but 
also, in accordance with the inventive concept, con- 
trols nrK>dem pool 560 via line 556, which represents 
a control path, e.g., a control bus. for signaling and 
controlling nnodem pool 560. Modem pool 560 is, in 
essence, multiple pairs of back-to-back modems lo- 
cated at CO 550. which provides telephone service to 
user 1 . Any modenr>-pair of modem pool 560 is dynanv 
ically allocated to a particular local loop when re- 
quired. One nrKHJem-pair of modem pool 560 is repre- 
sented by local loop (LL)-SVD nfK)dem 565 and trunk 
modem 570. LL-SVD modem 565 is similar to SVD 
nrKKlem 400 of user 1 and provides simultaneous 
voice and data functionality. Trunk modem 570 con- 
forms to any one of the standard nradulation techni- 
ques like CCITT V.32. Modems 565 and 570 can be 
implenoented as two discrete devices, one device with 
multiple ports (since the back-to-back modem pair is 
never separated), or as software in a central switch 
with digital signal processing (DSP) capabilities. For 
example, while the modem interface to the local loop 
can be through a codec, the interface to the CO trunk 
could be implemented without D/A or A/D conver- 
sk)ns. 

For the purposes of the following discussk>n user 
1 of FIG. 3 desires to establish a voice connection with 
user 3 and a separate, and independent data connec- 
tk}n with user 4. Consequently, user 1 sut>scrit>es to 
the "LL-SVD" service of the local exchange carrier 
that owns CO 550. It should be noted that if user 1 
should, instead, desire an "end-to-end" SVD connec- 
tion, or link, like that shown in FIG. 1, it is assumed 
the "LL-SVD" service, like other central office servic- 
es such as "call waiting," can be temporarily disat)led 
by user 1 through special signaling, e.g., the entry of 
a unique touch-tone code by user 1 from telephone 
20. When "LL-SVD" service is disabled, CO 550 dis- 
ables modem pool 560 and simply provides "plain old 
telephone service" (POTS) to user 1 for inbound or 
outbound calls and ignores any SVD control signaling 
on local loop 101. The "LL-SVD" servfce can also be 
selectively disabled for the duratk)n of a single call in 
other ways. For instance, during an outbound call the 
"LL-SVD" service can be disabled when CO 500 de- 
tects a standard data modem or fax training sequence 
from SVD modem 400 of user 1. These signals indi- 
cate that user 1 has configured SVD modem 400 in a 
mode other than SVD nrK)de, e.g., a standard data 
mode (described below). 



SVD nrKxiem 400 of user 1 operates in either a 
voice-only mode, a data-only mode, facsimile (fax) 
mode, or an SVD nKxle. The voice-only tnode prohi- 
bits the establishment of a data call over local loop 

5 101. Similarly, the data-only mode prohibits the es- 
tablishment of a voice call over local loop 101. The fax 
nrtode allows SVD modem 400 to pass a fax transmis- 
sk)n between user 1 and another party. The fax mode 
is descrit>ed in the co-pending, conrmionly assigned, 

10 U.S. patent application of Bremer entitled "Conver- 
sk)n of a Fax Modulation to a Data Modulatk>n," serial 
No. 08/151689. filed on November 15. 1993. Finally, 
SVD mode allows SVD nrx>dem 400 to estabi ish votee, 
data, fax, or voice and data calls over local loop 101. 

15 It is assumed that user 1 has configured SVD nrK>- 
dem 400, e.g., through a "comnr«nd-nrK>de" interface 
via DTE 10. to operate in the SVD mode. Once en- 
abled in SVD mode, SVD modem 400 provides differ- 
ent signals to CO 550 depending on the status of local 

20 loop 1 01 . For example. If there are no prior active tel- 
ephone calls on local loop 101 then upon detecting 
the "off-hook" signal from telephone 20, SVD nnodem 
400 provides typk^al voice call signaling to CO 550 
over local loop 101 by either directly passing through 

25 the "off-hook" signal to CO 550, or by simply regen- 
erating another "off-hook" signal to CO 550. In other 
words if just a voice call is being set up, SVD nrK>dem 
400 effectively transparently passes any telephone 
signaling, like the "off-hook" signal, subsequently di- 

30 aled digits, and the subsequent vok:e signal, to CO 
550. via local loop 101. In the reverse direction. SVD 
modem 400 similarly passes any signal on line 1 01 to 
telephone 20. 

In order for the voice and data signal paths to be 

35 independently switched at different times, signaling 
and call handling processes must be established. The 
following conditions can t>e in effect on local loop 101 
when user 1 is either the calling party or the called 
party of a call attempt (either data or voice): 

40 1) local loop 1 01 is not use; 

2) local bop 1 01 is in use with an existing data call 
via "LL-SVD" service; 

3) local loop 101 is in use with an existing voice 
call, via POTS service; and 

45 4) local loop 1 01 is in use with both data and voice 
in an SVD call via "LL-SVD" service. 
FIG. 4 shows an illustrative flow diagram em- 
bodying the principles of this invention. In this exanv 
pie, it » assumed that local loop 101 is not in use, i.e., 
50 the status of local loop 101 is the above-mentioned 
conditbn 1 . In step 605, switching processor 555 of 
CO 550 monitors for the start of a telephone call either 
from local loop 101, hereafter referred to as an "out- 
bound call," or via signaling from trunks 551 and 552, 
55 hereafter referred to as an "inbound call." and collects 
call information from the calling parties, e.g., the 
called party telephone number. 

If the start of a call is detected from local loop 101, 
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e.g., via the detection of an "off-hook" signal, switch- 
ing processor 555 then performs "outbound call dis- 
crimination' in step 610. In this step, switching proc- 
essor 555 nrranitors local loop 101 for an SVD calling 
signal. If no signal of any kind (data, fax, or SVD) is 
detected, switching processor 555 goes to a 'voice- 
only* mode in step 615, i.e.. the above-mentk>ned 
conditk)n 3, and provides POTS service to user 1 to 
complete the telephone call. If a standard modem or 
fax calling signal is detected from SVD modem 400. 
then switching processor 555 suspends "LL-SVD" 
service and operates in POTS nxxle for the duration 
of the data call until an absence of energy (such as 
that required to re-enable the PSTN network echo 
cancelers) indicates the end of the data connection. 

However, if switching processor 555 detects an 
SVD calling signal in step 61 0, then switching proces- 
sor 555 provides "LL-SVD" service in steps 620 
through 626. In step 620, switching processor 555 
switches in the nK>dem pair comprising LL-SVD mo- 
dem 565 and trunk modem 570 from nrK)dem pool 560 
via line 556. In other words, modem pool 560 effec- 
tively "breaks Into" any attempted data connection. In 
the context of FIG. 3, the desired data connectton is 
between user 1 and user 4, either of which can be the 
originating parties. In "breaking in' to the data con- 
nection, the nrK>dem pair, whtoh comprises LL-SVD 
RKKlem 565 and trunk modem 570. terminates both 
ends of the data connection so that trunk modem 570 
emulates the local endpoint nrKxJem to the far end, 
i.e., modem 60 of user 4. and LL-SVD modem 565 ini- 
tiates an LL-SVD session with local SVD modem 400 
of user 1. In step 625. the data link between LL-SVD 
nrKxJem 565 and SVD modem 400 is established as a 
simultaneous voice and data signal with a data chan- 
nel and a voice channel, which is currently idle, i.e., 
conditk>n 2, described above; while in step 626, the 
data link between trunk nrK)dem 570 and modem 60 
is established in accordance with a standard, e.g., 
V.32, modulation technique. For an outbound data 
call, step 626 includes trunk nruxlem 570 dialing the 
called party telephone number provided by switching 
processor 555 via line 556. 

When switching processor 555 detects the start 
of an inbound call, switching processor 555 performs 
'inbound call discrimination" in step 611. In the latter 
step, switching processor 555 nrK>nitors inbound calls 
to discriminate between voice, data, SVD, and fax 
calls. Since not all non-SVD capable data modems 
provide data calling tones, there is no universal, dear 
cut, call discrimination algorithm. As such, step 611 is 
just one illustrative representation of an inbound call 
discrimination algorithm that selectively treats any in- 
bound call as a function of the calling tone, if any. In 
this embodiment it is assumed user 1 does not ex- 
pect int)ound data calls but does expect to receive fac- 
simile transmission, i.e., fax calls. Therefore, in step 
611 switching processor 555 provkJes "LL-SVD" ser- 



vice, via steps 620, 625, and 626, whenever a fax call- 
ing tone is detected. However, if no such signal is de- 
tected, switching processor 555 provides POTS ser- 
vice to the inbound call, whether voice or data, in step 

5 615. It should be noted that in this embodiment, if 
switching processor 555 detects an intwund SVD 
calling tone in step 611, switching processor sus- 
pends "LL-SVD' service and operates in POTS mode 
for the duration of the SVD session, until an absence 

10 of energy (such as that required to re-enable the 
PSTN echo cancelers) indicates the end of the SVD 
connection. As a result, this allows user 3 to establish 
an end-to-end SVD connection. This case Is analo- 
gous to that in which user 1 manually disables the "LL- 

15 SVD" service in order to establish, via an outbound 
call, an end-to-end SVD connectk>n. 

In regards to any inbound call discrimination 
function performed by switching processor 555, it 
should be noted that the "LL-SVD" service can allow 

20 user 1 to configure the inbound call discrimination to 
meet the particular needs of the user, e.g., similar to 
the way the user might configure their local modem 
to perfonm call discrimination if there was no 'LL- 
SVD' service. For instance, user 1 may only select a 

25 non-SVD data calling signal as triggering the creation 
of an LL-SVD connection in steps 620 through 626. 
Consequently, any intx)und fax call would received 
POTS service. 

In regards to SVD modem 400, for an outbound 

30 call voice call, SVD nrnxjem 400 functk>ns as descri- 
bed above, i.e., SVD modem 400 effectively transpar- 
ently passes through any voice call signaling from tel- 
ephone 20 to CO 550. With respect to an inbound 
voice call, SVD modem 400 perfbnnns a similar call 

35 discrimination step to that performed by CO 550. Af- 
ter detecting a ringing signal. whk:h is a parts of the 
POTS service provided by CO 550, SVD modem 400 
defaults to passing through any voice call signaling 
after failing to detect any nrKxlem type signal on local 

40 loop 101. 

For an outbound data call, SVD modem 400 goes 
'off-hook," provkjes the called party number, and 
then provkjes the above-mentnned SVD calling sig- 
nal to switching processor 555. which as can be seen 

45 in FIG. 3, is coupled to local loop 101. As already de- 
scribed, switching processor 555 uses the SVD call- 
ing signal to perform the above-mentioned call dis- 
criminatk>n of step 61 0. Similarly, for an int>ound data 
call enabled to received "LL-SVD" servk^, LL-SVD 

so nruKlem 565 goes 'off-hook' and provides the SVD 
calling signal to local loop 101 for transmission to 
SVD modem 400, which upon detection of this SVD 
calling signal completes the LL-SVD link initializatk>n, 
e.g., sends an SVD answer signal, standard answer 

55 tone, training, etc. 

Once the status of local loop 101 changes from 
condition 1 to either condition 2 or conditton 3, the 
first of two calls, either voice or data, has been estab- 
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iished. The subsequent steps taken by CO 550 to es- 
tablish the second of the two calls depends upon 
whether local loop 101 is in condition 2 or condition 
3. 

When local loop 101 is in condition 2, the voice 
channel of the SVD signal transmitted over local loop 
101 is not in use and all signaling and control for this 
voice channel is transmitted over an SVD secondary 
channel between SVD nKKlem 400 and LL-SVD mo- 
dem 565. An SVD secondary channel can be imple- 
mented in any number of ways. For example, as is 
known in the art, a secondary channel can be provid- 
ed by multiplexing the data modulated signal (here 
the SVD signal) with another control signal; or a sec- 
ondary channel can be provided as described in the 
co-pending, commonly assigned, U.S. Patent appli- 
cation of Bremer et al. entitled "Skje-Channel Com- 
munications in Simultaneous Voice and Data Trans- 
mission," serial No. 08/151686, filed on November 
15, 1993. FIG. 5 shows a diagram of a transmission 
scheme that includes a side-channel within an SVD 
signal. This SVD side-channel not only provides for 
the transport of additional informatk>n between any 
SVD end points - but also allows the voice signal to t)e 
transmitted across the full bandwidth of the SVD data 
connection. As can be observed from FIG. 5, informa- 
tion from an SVD modem is provided in a frame, or 
"symbol block," e.g., symt>ol block 405. For the pur- 
poses of this example, a symbol block comprises 70 
symbols. Consecutive symbols within each symbol 

block are identified as SI, S2, S3 S70. Each synrv 

bol block is further divided into a data segment, e.g., 
data segment 406; and a control segment e.g., con- 
trol segment 407. Let the group of symbols In the data 
segment be SI to S56. These are the "data symbols' 
and always convey DTE data. For the purposes of the 
following discussion the symbol rate is illustratively 
3000 symt>ols/second (s/sec), although other symbol 
rates may be used, e.g., 2800 s/sec. At a symbol rate 
of 3000 s/sec., the average data symbol rate of a sym- 
bol block is equal to (56/70) x 3000)=2400s/sec. Con- 
sequently, if there are 6 bits of data per data symt>ol, 
the resultant data rate is 14400 bits/sec (bps). It is as- 
sunved that this data rate is high enough to meet a 
user's needs so that the remaining bandwklth of the 
SVD data connection can be allocated to the control 
segment, which provkjes the side-channel. 

The remaining symbols of the control segment, 
i.e., S57 to S70, are the "control symbols." Usually, 
the latter never convey DTE data, but convey control 
information. Each control symbol represents a nunrv 
ber of "control bits." The control symbols are encoded 
and scrambled the same as the DTE data symbols, 
e.g., they use the same signal space. The control 
symbols provkie the side-channel for conveying addi- 
tbnal signaling information between SVD nKxiem 
400 and CO 550. Although the data symbols repre- 
sent user data and the control symbols represent con- 



trol infonmation, both the data and control symbols 
nrtay also convey analog data, which in this example 
is any vok:e signal that is provided to SVD modem 400 
by telephone 20. As a result, the skje-channel is a part 

5 of the simultaneous voice and data transmission. 

At this point, it is assumed that local loop 101 
in condition 2. Turning now to FIG. 6. an illustrative 
flow diagram is shown for adding an additk)nal, and 
independent, voice call to the pre-existing data call on 

10 local loop 101. In step 630 of FIG. 6, switching proc- 
essor 555 uses the SVD secondary channel for voice- 
call signaling, via line 556 and LL-SVD nrtodem 565. 
This SVD secondary channel allows switching proc- 
essor 555 of CO 550 to both nDonltor local loop 101 

15 and transmit voice call signaling to telephone 20. 
Consequently, SVD modem 400 transmits on/off 
hook signaling and dialing to the CO by means of this 
SVD secondary channel via LL-SVD modem 565, and 
CO 550 transmits dial tone to telephone 20. In this 

20 nr>anner an outbound vok:e call from user 1 is origin- 
ated to an independent remote location in the middle 
of an existing data sesston. Similarly, for an inbound 
voice call to user 1 , CO 550 uses the SVD secondary 
channel to transmit signaling, like ringing, from CO 

25 550 to SVD modem 400, which then alerts user 1 by 
either ringing the telephone or provkiing an equivalent 
alerting mechanism, e.g., putting a tone on a modem 
speaker of SVD nrKxlem 400. (As known In the art, 
most modems have an internal speaker). The infor- 

30 mation from the SVD side channel is transmitted be- 
tween switching processor 555 and LL-SVD nradem 
565 via control line 556. Similarly, switching proces- 
sor 555 now routes any subsequent vok:e signal via 
LL-SVD nfK)dem 565. via line 557, in step 635. 

35 After switching to using the SVD secondary 
channel for voice call signaling over local loop 101. 
switching processor 555 monitors for the start of a tel- 
ephone call in step 640. For instance, if the start of an 
outbound voice call is detected from local loop 101, 

40 e.g., via the detection of an "off-hook" signal via the 
SVD secondary channel, switching processor 555 
then goes to step 655 to provide an audio channel for 
the subsequent voice call via line 557. Since switch- 
ing processor 555 already knows there is a data call 

45 in progress between user 1 and user 4, there is no 
need for switching processor 555 to perfonnn call dis- 
criminatton on an outbound votoe call. On the other 
hand, if switching processor 555 first receives an in- 
coming call on trunk 551, switching processor 555 

50 goes to step 645 and performs call discrimination as 
described above. Switching processor 555 treats the 
incoming call as a voice call upon failing to detect any 
rrKxlem type signal and provides an audio channel, 
via line 557, to complete the call in step 655. However, 

55 if a modem type signal is detected by switching proc- 
essor 555. the latter provides a busy indication in step 
650 back to that calling party because local loop 101 
already has an estatHished data connection with user 
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4. 

When local loop 101 is in condrtlon 3, an addition- 
al, and independent, data call is added to the pre-ex- 
isting voice call on local loop 1 as shown in the illus- 
trath^e flow diagram of FIG. 7. Similar to steps 605 
and 630 described atx>ve, switching processor 555 
monitors for the start of a data callln step 705 and per- 
forms a different sequence of steps depending on 
whether an outt)ound data call is detected or an in- 
bound data call is detected in step 705. 

To establish an outbound data call In the middle 
of a voice session, switching processor 555 monitors 
local loop 101 in step 705 for a request-for-training 
signal from SVD nrxxlem 400. The latter sends this 
predefined signal to CO 550 to initiate a data call, e.g., 
by sending the above-described SVD calling signal. 
Unfortunately, this request- for-tralning signal tenv 
porarily interrupts the voice conversation on local 
loop 101. However, since user 1 is initiating the data 
call, user 1 can simply ask the other party of the voice 
call, here represented by user 3, to "hold-on" while a 
data call is established. 

Switching processor 555 acknowledges the re- 
quest for training to SVD nxxlem 400 by switching in 
the modem pair comprising LL-SVD nKxJem 565 and 
trunk modem 570, from nrK)dem pool 560, in step 710. 
At this point, switching processor 555 enables LL- 
SVD modem 565 via line 556. LL-SVD nvodem 565 
detects the SVD calling tone and establishes an LL- 
SVD connection between SVD modem 400 and LL- 
SVD nrradem 565 in step 715. The length of interrup- 
tion to the voice call is a function of the length of time 
to set up the data connection, i.e., how long it takes 
for SVD modem 400 and LL-SVD modem 565 to 
"train-up." For conventtonal end-to-end training this 
can be on the order of seconds. However, this time in- 
terval can be significantly shorted to the milli-second 
range by the use of the "fast LL-SVD train" feature, 
descrit)ed below. 

After the training process, the voice conversation 
is switched over to the voice channel of the SVD link 
while trunk modem 570 dials rerrrate data modem 60 
to establish the data call in step 720. Data call specific 
information is transmitted via the SVD secondary 
channel to switching processor 555 which controls 
trunk modem 570. Once the voice conversation is 
provided over the SVD link, LL-SVD modem 565 pro- 
vkjes the voice signal over line 557 to switching proc- 
essor 555. Similarly, switching processor 555 pro- 
vkjes the voice signal generated by user 3 over line 
557 to LL-SVD modem 565 for transmisskin within 
the SVD signal to SVD nK>dem 400, which provides 
the vok:e portion of the signal to telephone set 20. If 
the data call is not successfully estat>lished, switching 
processor 555 backs-out modem pool 560 and re- 
verts t>ack to condition 3. 

For an inbound data call over trunk 552, switching 
processor 555 goes to step 730 to perform call dis- 



criminatbn. In this example, it is assumed that if 
switching processor 555 fails to detect a nfK>dem type 
signal, switching processor 555 presumes the in- 
bound call is a voice call and provides a busy signal 

5 in step 735 to that caller since there is already a voice 
call on local loop 101. Alternatively, instead of provid- 
ing a busy signal in step 735, CO 550 can route the 
incoming voice call to a voice mailbox or use call wait- 
ing. Switching processor 555 then returns to step 705 

10 and waits for another call attempL 

However, if a modem type signal » detected by 
switching processor 555, the latter presumes it is a 
data call and performs step progress over local loop 
101 by issuing an audible signal to alert user 1 of an 

15 impending interruptton to set up a data call and ini- 
tiate an LL-SVD session. Then switching processor 
555 switches in the nfK>dem pair comprising LL-SVD 
modem 565 and trunk modem 570, from modem pool 
560, in step 745. In step 750, the data link between 

20 LL-SVD modem 565 and SVD modem 400 is estab- 
lished as a sinrujltaneous voice and data signal with a 
data channel and a voice channel; while in step 755 
the data link between trunk modem 570 and modem 
60 is established in accordance with a standard, e.g.. 

25 V.32, modulation technique. Again, the training time 
at over the LL-SVD link can be kept to a minimum by 
the use of an LL-SVD fast train, described below. Also 
in step 755, switching processor 555 now routes any 
voice signal to and from user 1 through LL-SVD mo- 

30 dem 565 so that the vok^e channel of the SVD signal 
now carries the pre-existing voice call. 

As mentk)ned earlier, the "LL-SVD" service can 
be optioned to perform intxxjnd call discriminatbn in 
a variety of different ways. For example, if reception 

35 of data calls is important to user 1, and no modem 
type signal is detected by switching processor 555 in 
step 730, then the "LL-SVD" service could be op- 
tioned to proceed with call handling on the assump- 
tk>n that any intxHind call is a data call and perform 

40 steps 740 through 755. As a result, any incoming call 
first receives answertone from a trunk modem of nrK>- 
dem pool 560. If training is initiated in response to the 
answertone. then CO 550 performs the appropriate 
data call processing, e.g., initiating an LL-SVD ses- 

45 sk>n as described above. If no training is initiated, CO 
550 presumes the incoming call is a voice call and, if 
there is a pre-existing voice call over local loop 101, 
either provkies some type of call coverage or a busy 
signal; or if there is no pre-existing vorce call over lo- 

50 cal loop 101 CO 550 provides POTS service or an au- 
dk> channel to the incoming call voice call. 

Once a pair of calls share comnwn local loop 101, 
condition 4 is reached and CO 550 responds to any 
additional incoming call attempts with a busy signal, 

55 or alternatively provkies a call coverage service like 
voice nr^il, call waiting, etc. In condition 4, the signal 
paths for the established voice and data calls are as 
follows. The analog (voice) call is routed from tele- 
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phone 20 to the voice port of SVD modem 400 via line 
21. SVD nrKKlem 400 transmits the voice signal 
through local loop 101 as an SVD signal. At the local 
CO. i.e., CO 550, the voice signal is recovered by LL- 
SVD modem 565 and provided to switching processor s 
555, via line 557, for treatment as a nonmal POTS tel- 
ephone call. As a result, the voice signal received on 
line 551 is transmitted over trunk 551 to telephone 50 
of user 3 via CO 590. Transmission of a voice signal 
from user 3 to user 1 occurs through the identical path io 
in the opposite direction. 

With respect to the data call, any data signal pro- 
vided by DTE 10 of user 1 is routed from to the data 
port of SVD modem 400 via line 11 . This data signal 
is transmitted through local loop 101 as an SVD sig- is 
nal. At CO 550, the data signal is recovered from the 
SVD signal by LL-SVD nfKxiem 565 and remodulated 
as a standard (V.32 or other standard modulation) mo- 
dem signal by trunk nxxJem 570. This signal is trans- 
mitted through trunk 552 to modem 60 of user 4, via 20 
CO 595. Modem 60 demodulates the standard mo- 
dem signal and provides a received data signal to 
DTE 65. Transmission of a data signal from user 4 to 
user 1 occurs through the identical path in the oppo- 
site direction. 25 

Existing CO services can coexist with the LL- 
SVD servk:e over local loop 101 because the CO has 
a pnori knowledge of whether the existing call is voice 
or data and can be optioned to only interrupt voice 
calls. Any required signaling can be transmitt^ via 30 
the SVD secondary channel, e.g., a switchhook flash 
to indicate call waiting. 

Ending a LL-SVD sessk}n is handled simply by 
maintaining an LL-SVD sessk>n for as long as the 
data link is required. If the voice session is discon- 35 
nected in the middle of a data session, the voice chan- 
nel goes back to emulating an available vok:e loop, 
i.e., condition 2. If the data sesston is disconnected in 
the middle of an existing voice session, the local loop 
is switched back to POTS mode, i.e., condition 3, and 40 
the CO modems are returned to the shared resource 
pool. 

Note that since the local loop can generally be 
considered to have unchanging characteristics train- 
ing for an LL-SVD session can be accomplished very 45 
quickly by making use of tap storage in nvxiem pool 
560 of CO 550 because the data connection over the 
local loop is always terminated between two mo- 
dems, e.g., SVD nrKxJems 400 and 565. Since the lo- 
cal loop connection physically does not change be- so 
tween the SVD party and the central office, i.e., it is 
always the same pair of wires, both of these SVD mo- 
dems can perform a "fast train' during the establish- 
ment of any SVD connection. This "fast train" is per- 
formed by storing and re-using the coefficients for 55 
equalization and echo canceling in each SVD modem 
instead of adaptively regenerating them anew every 
tinrve an SVD connectk)n is established. Consequent- 



ly, there is only the need to perform timing synchron- 
izatk)n which reduces the training time to the order of 
miili-seconds (msec.) as compared to seconds for a 
standard modem training process. Note that since a 
nrKKlem pool is really a shared resource, i.e., a partic- 
ular LL-SVD modem of the nwdem pool will be as- 
signed to different local loops for different users, 
switching processor 555 stores a set of coefficients 
for each LL-SVD service subscriber. When that sub- 
scriber initiates an LL-SVD connectk>n, switching 
processor 555 recalls the respective stored coeffi- 
cients from a non-volatile storage mechanism for use 
by the selected LL-SVD nrK)dem from the nrK)dem 
pool. 

As described above, the inventive concept allows 
independently switched vorce and data calls from a 
calling party to different, and independent, endpoints 
even though both the voice call and the data are over 
a common "tip/ring" type local loop between the SVD 
party and their central off k:e or local exchange carri- 
er. Neither of the other part/s bcations require any 
special equipment, other than existing technology 
like CCITT V.32, or other standard, modem for the re- 
nrK>te locatk>n using the data link. TTie data and voice 
calls do not have to be established at the same time, 
nor do they have to be disconnected at the sanrie time. 
In effect, the current invention allows a single conven- 
tk)nal 2-wire telephone connection to the home to 
serve at if it were two independent lines, one for data 
and the other for voice connections. 

It should also be realized that although the enr>- 
bodiment described above illustrated two physically 
separate users, e.g.. users 3 and 4, this invention also 
applies to a single user with two telephone lines, e.g., 
a data line and a voice line, each with a different tel- 
ephone number. 

The foregoing merely illustrates the principles of 
the invention and it will thus be appreciated that those 
skilled in the art will be able to devise numerous al- 
ternative arrangements which, although not explicitly 
described herein, embody the principles of the Inven- 
tk)n and are within its spirit and scope. 

For example, although the invention is illustrated 
herein as being Implemented with discrete functional 
building blocks, e.g., a modem pool comprising an 
SVD modem and a standard-type nKKiem, one or 
more of those building blocks can be carried out using 
one or more appropriate progranrvned processors, 
e.g.. a digital signal processor. Also, although the cen- 
tral office nrKKlem functionality was illustrated as a 
shared resource, i.e., a nrKKlem pool, the nrwdems in- 
stead could be dedbated to each SVD customer. Fur- 
ther, even though the data connection was illustrated 
in the context of CCITT V.32 and SVD, the term data, 
as used herein, includes fax 

in additton, although an SVD secondary channel 
was used above to control the voice channel over an 
LL-SVD link, it should be realized that control and sig- 
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naling information can alternatively be sent within the 
voice channel itself. For example, dial tone and dual 
tone multi-frequency (DTMF) signaling can be trans- 
mitted within the voice channel as opposed to being 
encoded within an SVD secondary channel. 

Also, there are other methods for use by CO 560 
in establishing additional data and voice calls. For in- 
stance, the user's SVD modem can always establish 
an LL-SVD link even though no data is being sent over 
the data portion of the SVD signal. This also elimin- 
ates the necessity to perform a training function with 
any subsequent data call between SVD modem 400 
and LL-SVD modem 565. If there is an existing voice 
call, CO 560 can interrupt the voice call with a "call 
waiting* signal using the SVD secondary channel to 
transmit the switchhook signaling. 

Finally, although the above-described technique 
illustratively used SVD technology to pnovlde concur- 
rent voice and data communk:ations over a voice- 
band local loop. It should be realized that this ap- 
proach also applies to other derivative voice-band 
niKxjem technologies that provide concurrent voice 
and data call handling. For example, a voice-band 
modem nrK)dif ied to simply time diviston multiplex be- 
tween a voice signal and a data signal could also be 
used to anchor each endpoint of a local loop, e.g., in 
place of SVD modem 400 of user 1 and LL-SVD mo- 
dem 565 of CO 550. This would similarly allow switch- 
ing processor 555 of CO 550 to separately switch the 
voice portion and the data portk>n of the multiplexed 
signal on local loop 101 to different parties. 



Claims 

1. A method for call handling comprising the steps 
of: 

detecting in a switching system the start of 
a first telephone call between a first user and a 
second user; 

detemnining the type of the first telephone 

call; 

switching in a modem pool of the switching 
system into the first telephone call when the type 
of the first telephone call is a data call, where the 
modem pool includes a simultaneous vok^e and 
data modem and a data modem; 

establishing a data connectk)n between 
the data modem and terminal equipment of the 
second user, and 

establishing a simultaneous voice and 
data connection between the simultaneous voice 
and data modem and terminal equipment of the 
first user; 

wherein the simultaneous voice and data 
connectk)n is over a voice- band local loop that 
couples the switching system to the terminal 
equipment of the first user, and the simultaneous 



voice and data connection includes a voice chan- 
nel that is idle and a data channel for transporting 
data between the first user's tenrhinal equipment 
and the second user's terminal equipn^nt 

5 

2. The method of daim 1 wherein the first user's ter- 
minal equipment and the second user's terminal 
equipment are associated with different tele- 
phone numbers and further including the steps 

10 ot 

detecting in the switching system the start 
of a second telephone call between the first user 
and third user, where the second telephone call 
is a voice call and terminal equipment of the third 

15 user is associated with a telephone number that 
is different from a telephone number of the sec- 
ond user's terminal equipment; and 

establishing a voice connectbn between 
the terminal equipment of the first user and the 

20 terminal equipment of the third user; 

wherein that part of the voice connection 
between the switching system and the terminal 
equipment of the first user Is over the votee-band 
local loop, and the data call and the voice call 

25 concurrently exist over the voice-band local loop. 

3. The method of daim 2 wherein the step of estab- 
lishing the simultaneous voice and data connec- 
tion indudes a training step that uses pre-estab- 

30 lished coefficients. 

4. A nr^thod for call handling comprising the steps 
of: 

detecting in a switching system the start of 
35 a first telephone call between a first user and a 
second user, where the first telephone call is a 
voice call; 

establishing a voice connectk>n between 
terminal equipment of the first user and terminal 
40 equipment of the second user to complete the 

voice call; 

subsequently detecting in the switching 
system the start of a data call between the termi- 
nal equipment of the first user and terminal equip- 
45 ment of a third user, where the third user's termn 
nal equipment is associated with a telephone 
number different from a telephone number asso- 
ciated with the second user's terminal equipment; 

switching in a rrKxlem of the switching sy&- 
50 tem into the voice call; 

establishing a data connection between 
the first user and the third user through the mo- 
dem; and 

establishing a simultaneous voice and 
55 data connection between the modem and the ter- 

minal equipment of the first user, 

wherein the simultaneous voice and data 
connection indudes a voice channel and a data 
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channel over a voice-band local loop that Is be- 
tween the switching system and the first user's 
terminal equipment, and where the voice channel 
carries the voice call and the data channel carries 
the data call. 

5. The method of daim 4 wherein the step of estat>- 
lishing the simultaneous voice and data connec- 
tion includes a training step that uses pre-estab- 
lished coefficients. 



wherein the voice connection and the data 
connection are both routed through the nrK>dem 
pool means to the voice-band local loop and the 
voice connection and the data connection only 
5 have one telephone number in common. 

10. The apparatus of daim 9 wherein the nrK)dem 
pool means Indudes a simultaneous voice and 
data nrKxiem for coupling to the voice-band local 
10 loop. 



6. A call handling method for use in modem, com- 
prising the steps of: 

sending voice call signaling to a switching 
system to establish a voice call between a first is 
party and a second party; 

detecting a simultaneous voice and data 
identification signal from a modem of the switch- 
ing system; and 

establishing a simultaneous voice and 20 
data connection with the nrK)dem of the switching 
system, where the simultaneous voice and data 
connection indudes an audio channel to carry 
the voice call and an idle data channel. 

25 

7. Apparatus comprising: 

means for providing a (400. 101) first voice 
channel and a first data channel over a voice- 
band local loop; 

means for providing a (552) second data 30 
channel; 

means for providing a (551) second voice 
channel; and 

switching means for a) coupling the first 
voice channel to the second voice channel to pro- 35 
vide a (550) voice connection between a first 
user and a second user, and for b) coupling the 
first data channel to the second data channel to 
provide a data connection between the first user 
and a third user; 40 

wherein the voice connection and the data 
connection co-exist over the first voice channel 
and the first data channel of the voice-band local 
loop. 

45 

8. The apparatus of daim 7 wherein the means for 
providing the first voice channel and the second 
voice channel is a simultaneous voice and data 
modem. 

50 

9. Apparatus comprising: 

switching means (555) for establishing a) 
a voice connection between a first user and a 
second user and b) a data connection between 
the first user and a third user; and 55 

nrKxlem pool means (560) for coupling to a 
voice-band local loop that is assodated with the 
first user. 
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